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Abstract
Background: Brucellosis is a disease of worldwide public health and economic importance. Successful control is
based on knowledge of epidemiology and strains present in an area. In developing countries, most investigations
are based on serological assays. This study aimed at investigating a dairy herd experiencing abortions in order to
establish within-herd seroprevalence to Brucella spp., identify, characterize Brucella strains by Multiple Loci Variable
Number of Tandem Repeats Analysis (MLVA-VNTR) and investigate possible spillover to other species.
Results: The within-herd seroprevalence in cattle (n = 200) was 48 % (95 % CI 41–55), using an indirect ELISA,
while the Rose Bengal Test (RBT) yielded lower prevalence (21.5 %; 95 % CI 16–27). Two sheep (n = 35) and one
goat (n = 50) were seropositive using ELISA while none of the dogs (n = 6) was positive with the RBT. Three
Brucella were isolated from an aborted fetus and associated membranes. Real time PCR (IS711), Bruce-ladder and
classical biotyping classified the isolates as B. abortus biovar 3. MLVA-VNTR revealed two different but closely
related genotypes. The isolates showed unique profiles, providing the first genotypic data from Tanzania. These
genotypes were not related to B. abortus biovar 3 reference strain Tulya originally isolated from a human patient in
Uganda in 1958, unlike the genotypes isolated and characterized recently in Kenya. High within-herd prevalence,
isolation of the pathogen and abortion confirm that B. abortus is circulating in this herd with cattle as reservoir hosts.
A low seroprevalence in sheep and goats suggests a spillover of B. abortus from cattle to small ruminants in the herd.
Conclusions: This is the first isolation and characterization of B. abortus biovar 3 from a dairy cow with abortion in
Tanzania. The origin of the Tanzanian genotypes remain elusive, although they seem to be related to genotypes found
in Europe, Turkey and China but not related to B. abortus biovar 3 reference strain or genotypes from Kenya.
Importantly, replacement heifers are commonly sourced from large farms like this to smallholder farmers, which
poses risk of spread of bacteria to other herds. B. abortus is a significant zoonotic risk and animal health problem
in this production system, therefore further studies on humans is recommended.
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Background
Brucellosis is a zoonotic disease of high economic and
public health importance worldwide [1–3]. It is caused
by Brucella spp. and manifests itself as abortion and in-
fertility in domestic and wild animal species and reduced
milk production in cattle. In cattle the disease is mainly
caused by B. abortus. However, other species of Brucella
can also be isolated [4–8]. Brucellosis in humans is al-
most always associated with infected domestic and wild
animals or their products and poses more risk to
farmers, animal handlers, abattoir workers and veterinar-
ians [9]. It causes a debilitating disease with unspecific
symptoms comparable to other febrile conditions such
as malaria, which may be chronically disabling. Treat-
ment of human brucellosis is long and costly.
Brucella are small (0.5 to 0.7 by 0.6 to 1.5 μm), gram
negative, non-motile, non- encapsulated, non-spore
forming, rod shaped (coccobacilli) bacteria which are
facultative intracellular parasites. The genus shows little
variation genetically. To date there are 11 recognized
species of Brucella which are genetically very similar
although each has different host preferences [6]. Six are
regarded as classical Brucella spp. Four members have
recently been classified as additional species [10, 11] and
recently the eleventh Brucella spp. has been described
[12]. Three species are of great zoonotic and economic
importance; these are B. abortus, B. melitensis, and B.
suis which preferentially infect cattle, small ruminants
and swine respectively. Some Brucella spp. are further
divided into several biovars. So far, B. abortus has been
subdivided into biovars 1, 2, 3, 4, 5, 6, 7 and 9 [13]. Sev-
eral biovars of B. melitensis (biovar 1, 2, 3) and B. suis
(biovar 1, 2, 3, 4, 5) are also recognized [14]. Brucella
abortus biovar 1 accounts for more than 80 % of the
total number of isolates worldwide whereas in Africa B.
abortus biovar 3 has been reported in most of the few
published studies [2, 4].
Screening of brucellosis can be performed by sero-
logical methods detecting antibodies directed against
epitopes associated with the smooth lipopolysaccharide
(S-LPS) [5]. Confirmation of the infection is done by
culture and isolation of the bacteria. However, this bac-
terium is difficult to grow and the procedure is time
consuming. Furthermore, the procedure poses a risk to
laboratory personnel and should be performed in bio-
safety level 3 laboratories. Nevertheless this method re-
mains the “Gold standard” for diagnosis of brucellosis
and Brucella infections. Biotyping of Brucella spp. pro-
vides additional information. Polymerase Chain Reaction
(PCR) and other molecular techniques have been devel-
oped and have found diagnostic application [1]. Detec-
tion of Brucella spp. or its DNA provide the only certain
diagnosis [5]. Genotyping of Brucella spp. can be
achieved by Multiple Loci Variable Number of Tandem
Repeats Analysis (MLVA-VNT) which shows a very good
discriminatory power [14]. Such data can provide
molecular epidemiological information for elucidating
transmission pattern.
Brucellosis is widely spread in African countries
[2, 3, 15, 16]. Serological studies done in different parts
of Tanzania indicate that the infection is widely spread in
domestic animals, wildlife and human beings [17, 18]. In
Tanzania the problem is bigger in pastoral systems and
wildlife than in the dairy farming system [18]. Data on iso-
lation of Brucella spp. both in humans and animals, with
further characterization is scarce. Isolation of B. abortus
and B. melitensis from cattle and small ruminants in
Tanzania was reported more than 50 years ago. However
characterization of the isolates was not performed [19].
Brucella melitensis and B. abortus have been isolated and
characterized from cattle in Uganda and Kenya. In
Tanzania, similar studies need to be performed to trace
back the reservoir host species [7, 20]. It is not known
whether cattle in Tanzania are infected with B. abortus or
B. melitensis or both. Successful control of brucellosis re-
quires knowledge of its epidemiology in different animal
species and the circulating strains in the region have to be
assessed. This information is scarce in Tanzania.
Therefore the aims of the present study were to inves-
tigate a dairy herd experiencing abortion in order to:
 Establish within-herd prevalence of Brucella
seropositive animals.
 Isolate, identify and characterize Brucella spp. from
milk and abortion materials.
 Compare molecular characteristics of the obtained
isolates with other strains in the region and outside.
 Investigate a possible spillover to small ruminants
and dogs as they are a potential source of infection
to cattle and can as well acquire infection from
cattle.
Methods
The present study is part of an extensive project on in-
fectious cause of reproductive disorders in dairy cattle.
During sampling on the present study farm, abortions
were encountered and became available for the current
investigation.
Study farm
The farm is located in Mbarali district in Mbeya region
in the southern highlands of Tanzania. At the time of
sampling the farm had a total of 350 cattle which were
crossbreeds of Friesian and Ayrshire with Boran and
Zebu, 130 goats, 90 sheep and six dogs. The animals
mingled with close interactions among them. All cattle
and small ruminants grazed in controlled areas. The
study herd had minimal contacts with pastoral herds
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and other dairy herds around, most of which took place
during the dry season. There was no history of vaccin-
ation against brucellosis on the study farm.
Animal material
Samples included serum, milk and one aborted fetus in-
cluding fetal membranes collected in 2012–2013. Cattle
were purposively selected to include only those above 6
months of age, while sheep and goats were randomly se-
lected. Blood samples were collected from 200 cattle
aged above 6 months, 50 goats, 35 sheep and six dogs.
All female cattle above 6 months of age (n = 187) and all
breeding bulls were included (n = 13). About 5 ml of
whole blood was collected aseptically into plain vacutai-
ner tubes. Blood samples were left at room temperature
for about 12 h to allow serum separation. Serum was
then pipetted into sterile tubes. Individual milk samples
were collected from 63 cows, altogether from both Rose
Bengal Test (RBT) positive and negative cows in sterile
containers and properly sealed. Both serum and milk
samples were transported to the laboratory on ice and
stored at −20 °C until analysis. The aborted fetus and
fetal membranes were examined on the farm. The fetus
was examined externally for gross lesions and then asep-
tically dissected for examination of its internal organs.
Examination revealed a relatively fresh fetus and its ges-
tation stage was estimated to be 6 months.
Samples from all visceral organs (liver, lungs, kidneys,
spleen, heart and brain) including foetal membranes
were collected in a sterile plastic bag and were tight
sealed and thereafter preserved at −20 °C for bacterial
culture and isolation.
Ethical statement
The protocol for field studies and collection of animal
materials was approved by Njombe and Mbarali districts
veterinary and agricultural authorities. Farmers were in-
formed of the study and their verbal consent was sought
before commencement of data collection.
Serological examination
Rose Bengal test
All sera from cattle, goats, sheep and dogs were tested
for presence of Brucella antibodies using RBT antigen
following the manufacturer’s instructions (Standardized
B. abortus Rose Bengal Test Antigen Central Veterinary
laboratory New Haw Addlestone, Surrey, UK), in accord-
ance with the OIE manual [1]. Brucella positive control
serum was always included in the test.
Indirect ELISA
Serum samples from cattle, sheep and goats were analyzed
for the presence of Brucella spp. specific antibodies using
indirect ELISA commercial kits following manufacturer’s
instructions (SVANOVA® Brucella-Ab I-ELISA Svanova
Biotech AB-Uppsala). To monitor interassay variations,
Brucella positive control serum was always included.
Milk ring test
Individual milk samples from RBT positive cows were
tested on farm using Milk Ring Test (MRT) antigen
(Atlas Medical William James House, Cambridge, UK)
following the manufacturer’s instructions and in accord-
ance with the OIE manual [1]. Due to shortage of re-
agents in the field, only ten milk samples were tested.
Bacterial culture, isolation and identification
Bacteriological analysis was performed in a safety level-3
bio-containment facility at the Norwegian Veterinary In-
stitute. Nineteen individual milk samples and aborted
fetal organs as well as fetal membranes from one aborted
fetus were subjected to bacterial culture. Primary isola-
tion of Brucella spp. was done by inoculating the sam-
ples on a Brucella selective media (Selective Serum
Dextrose Agar (SSDA)) (Oxoid) and Farrell’s medium.
Two plates per sample, (one per medium) were used.
From milk samples, 100 μL of milk were inoculated per
plate. All plates were incubated both aerobically, and in
5 % CO2 atmosphere, at 37 °C and examined regularly
after two, and up to 14 days, for Brucella like colonies.
Such colonies were examined further with Gram stain-
ing. The plates were discarded if no growth was evident
after 14 days of inoculation. Colonies typical of Brucella
spp. were sub-cultured from which subsequent bacterial
isolates were examined under phase contrast microscope
and by Gram staining for organism morphology and
size. Typical colonies revealing small Gram-negative
coccobacilli, were further analyzed to obtain full identifi-
cation and biotype.
Classical biotyping
Classical biotyping was done as described by [21] at The
National Reference Center for Brucellosis, Veterinary and
Agrochemical Research Centre (CODA-CERVA) in
Belgium. Brucella monospecific antisera A and M and
Brucella phages Tb, Wb and Iz obtained from FAO/WHO
Collaborating Center for Brucellosis Reference and Re-
search at the Veterinary Laboratory Agency, Weybridge,
UK were used. A panel of biotyping tests were performed
and interpretation of the results was performed according
to the OIE manual [1].
DNA preparation and PCR
Suspected Brucella spp. isolates were subjected to gen-
omic DNA extraction by heat treating a loopful of bac-
terial material dissolved in MQ water at 99 °C for
15 min [22]. After centrifugation, the supernatant was
used as DNA template.
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Molecular identification
The extracted DNA was subjected to real time PCR for
the Brucella spp. specific targeting IS711 [13]. Primers
and probe were developed at the Swedish Institute for
Communicable Disease Control (unpublished protocol).
Positive results were obtained for the three extracted
DNA (results not shown).
Bruce-ladder analysis
Species-level molecular identification was undertaken by
multiplex PCR (Bruce-ladder) which was performed as
described [23, 24] with the following conditions: Step 1:
95 °C 15 min, Step 2: 94 °C 30 s, Steps 3: 58 °C 90 s,
Step 4: 72 °C 3 min, Step 5: 72 °C 10 min. Step 2, 3 and
4 was repeated in 25 cycles. The size of the PCR prod-
ucts was analyzed by capillary electrophoresis with Bioa-
nalyzer®, Agilent Technologies, Santa Clara, CA, USA.
MLVA-VNTR genotyping
The isolates identified as B. abortus biovar 3 were ana-
lyzed using MLVA-VNTR 16 loci as described before
[14]. Primers used were those described by Le Fleche
et al. [14]. A PCR master mix was prepared using the
following reactives: buffer (10×), bethain, dNTP 2.5 mM,
Taq DNA polymerase rec (5U/ul Invitrogen), MgCl2 and
H2O. The following PCR program with iCycler BioRad
was used: Step 1: 96 °C 5 min, Step 2: 96 °C 30 s, Step 3:
60 °C 30 s, Step 4: 70 °C 1 min, Step 5: 70 °C 5 min, Step
6: 8 °C. Step 2, 3 and 4 was repeated in 30 cycles. For
the markers bruce 06, bruce 11, bruce 42, bruce 55 with
repeat unit size 134 bp, 63 bp, 125 bp and 40 bp respect-
ively, the PCR fragment size was analyzed by 2 %
agarose gel electrophoresis. For the markers bruce 08,
bruce 12, bruce 43, bruce 45, bruce 18, bruce 19, bruce
21, bruce 04, bruce 07, bruce 09, bruce16 and bruce 30,
the size of the PCR products were analyzed by capillary
electrophoresis with the CEQ 8000 Genetic Analysis
System (Beckman Coulter, Indianapolis, IN, USA). The
size of the PCR products were then converted to a cor-
responding tandem repeat number for each locus as de-
scribed by Le Fleche et al. [14] to get the genotype.
To classify the Tanzanian Brucella strains, a polyphasic
strategy that included phenotypic (classical biotyping) as
well as genomic criteria (presence of IS711, Bruce-ladder
and MLVA) was used. Accordingly, MLVA analysis
within B. abortus biovar 3 was performed. The profile of
the Tanzanian strains were compared to B. abortus
biovar 3 genotypes deposited in the Brucella aggregated
database on MLVAnet (http://mlva.u-psud.fr/) hosted by
the Université Paris-Sud. Four B. abortus biovar 3 geno-
types from Belgian strains were also included in the
analysis.
Cluster analysis of MLVA data was performed with the
software BioNumerics 2.1 (Applied Maths, Sint-Martens-
Latem, Belgium) following previous methods by Le Fleche
et al. [14]. Cluster analysis was done with Euclidean
distance which gives the quantitative difference. Only iso-
lates of 100 % similarity with the same number of tandem
repeats in each locus were assigned to the same cluster.
The most similar strains clustered closely together with
short and thick edges, while the strains with high genomic
variations had thin and longer edges. The dendrogram
was generated using a distance matrix calculated with the
categorical coefficient and the unweighted-pair group
method using average linkages as previously described
[14]. An identical weight was given to each marker. The
MLVA profile of the isolates was also subjected to a mini-
mum spanning tree (MST) analysis in BioNumerics
(MLVA plugin 2.1), illustrating the relationship and
possible mutation pathways within the clusters based on
single locus variations (SLV). Only the units (and not the
sizes) from each marker were considered for the analysis.
The nodes (circles) consist of identical genotypes and the
edges (lines) of weight based on number of mutations
(steps) taken from the loci were used. Long weight (steps)
indicates multiple mutations while short weight indicates
few mutations.
Results
Serological findings
Ninety six out of 200 serum samples from cattle were
positive in ELISA giving a within-herd prevalence of
48 % (95 % CI 41–55), while 43 of the 200 serum sam-
ples were positive with RBT resulting into within-herd
prevalence of 21.5 % (95 % CI 16–27). Thirty six sera
were positive in both tests, 60 were positive in ELISA
but negative in RBT, seven were negative in ELISA but
positive in RBT. All 10 milk samples were positive in
MRT. All sheep goat and dog sera were negative in RBT.
However, two out of 35 sheep (prevalence: 5.7 %; 95 %
CI 0–17) and one out of 50 goat (prevalence: 2 %; 95 %
CI 0–7) sera were positive in the ELISA.
Bacterial culture, isolation, identification and biotyping
characteristics
Three isolates of Brucella spp. were obtained, one from
the aborted fetal liver and two from fetal membranes (all
from the same animal). No Brucella spp. was isolated
from milk samples. Real time PCR (IS711) confirmed
the three isolates as Brucella spp. Bruce-ladder identified
the isolates as B. abortus wild type as five fragments of
152, 450, 587, 774 and 1682 bp in sizes were amplified.
The isolates showed common phenotypic characteristics
typical for the genus Brucella. They grew anaerobically,
in a 5 % CO2 atmosphere, and aerobically after 3–14 days
incubation at 37 °C. Bacterial colonies were small, convex,
and regular with smooth surface, honey colored, shiny
and translucent. The organisms were gram negative, small
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(0.5–1 μm wide) single coccobacilli. The isolates were
catalase and oxidase positive, also producing urease but
not before 24 h of incubation. They were all H2S positive,
and were agglutination with the monospecific anti-A
serum but not the monospecific anti-M serum. The
isolates grew in the presence of Thionine, Fuchsin and
Safranin dyes. They were lysed by Tb both in RTD and
RTD104, Wb and Iz phages. The Tanzanian strains were
characterized as B. abortus biovar 3, although they did not
require CO2 for growth.
MLVA genotyping
The MLVA 16 loci identified three closely related B.
abortus biovar 3 Tanzanian genotypes (C64, C65 and
C66). Out of the three isolates, C65 and C66 were iden-
tical while C64 was different at one locus (Table 1).
The three isolates were identical using panel 1 loci but
different at the locus Bruce 16 in panel 2. There was no
amplification at locus Bruce 19 for strain C64. The ge-
notypes were different from the reference strain’s geno-
type and from genotypes from Kenya. Despite the
Tanzanian genotypes being unique, they were more
closely related to genotypes originating from Europe,
Turkey and China than to genotypes from Uganda and
Kenya (Figs. 1 and 2).
Discussion
High within-herd seroprevalence in affected cattle herds
has also been reported in Nigeria and Uganda [20, 25].
In Uganda within-herd prevalence of seropositive ani-
mals varied from 1 to 90 % [26]. Management systems
such as common grazing increase the contact between
cattle. Extensive movement and sharing of pasture
enhances contact of cattle from different areas and facili-
tates transmission of most infectious diseases, including
brucellosis. However, other studies have shown that
management systems, where cattle are in constant
movement puts a natural limit on the rate of Brucella
infection accumulation or transmission and that the
prevalence decreases [27, 28].
Positive MRT for individual animals in the herd sug-
gests infection, but mastitis and colostrum might have
caused false positivity [1] as 65 % of animals from this
herd gave positive results in a California mastitis test (re-
sults not shown).
Only few of the small ruminants had antibodies
against Brucella spp. The presence of seropositive small
ruminants from mixed farming systems has been
reported by others in Tanzania [19], Uganda [29] and
Ethiopia [30], while in Togo, no seropositive small rumi-
nants in mixed farming systems with seropositive cattle
were found [31]. The presence of B. abortus in cattle,
high within-herd seroprevalence, and the small number
of seropositive small ruminants suggests a spillover of B.
abortus from cattle to small ruminants, although the
presence of B. melitensis or its DNA was not investi-
gated in the later species [32]. In case of B. melitensis
infection in small ruminants, given the B. melitensis
basic reproductive number (R0) of 1.2 (if greater than 1,
the number of infected animals increases) as calculated
in Mongolia [28], a higher seroprevalence should have
been seen in small ruminants in our study. Such an epi-
demiological situation has recently been described in the
Sudan were B. abortus biovar 6 had spilled over from
cattle to sheep [32]. Naturally acquired B. abortus infec-
tion in dogs associated with infected cattle has been
reported [33]. Although dogs may be valuable indicators
(sentinels) of brucellosis in cattle, this study suggests
that dogs did not play any significant role in the epi-
demiology of bovine brucellosis in this farm.
Both RBT and ELISA are OIE prescribed screening
tests for brucellosis [1]. In the present study, both tests
were used in parallel in cattle. Discrepancies between
the two tests in the present study could be due to several
reasons, including differences in sensitivity and specifi-
city as indirect ELISA (iELISA) was reported to be more
sensitive than RBT [5] and RBT more specific than the
iELISA [34]. In some studies, iELISA has been shown to
detect more cattle chronically infected with Brucella
than the RBT [9]. It is worth noting that cut-off points
Table 1 Sixteen loci variable number of tandem repeat for the
three Tanzanian Brucella abortus genotypes (C64, C65 and C66)
B. abortus biovar 3
Locus C64 C65 C66 Reference Tulya
Panel 1 Bruce 06 2 2 2 3
Bruce 08 4 4 4 5
Bruce 11 2 2 2 4
Bruce 12 12 12 12 11
Bruce 42 3 3 3 2
Bruce 43 2 2 2 2
Bruce 45 3 3 3 3
Bruce 55 3 3 3 3
Bruce 19 a 42–44 42–44 40
Panel 2 Bruce 04 7–8 7–8 7–8 6
Bruce 07 2 2 2 5
Bruce 09 6 6 6 3
Bruce 16 7 8 8 11
Bruce 18 5 5 5 8
Bruce 21 8 8 8 8
Bruce 30 4 4 4 5
B. abortus biovar 3 strain Tulya was used as reference strain
aindicates no amplification
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for iELISA have been defined for use in Brucella-free
regions to optimize sensitivity [34]. The performance of
such tests in endemic regions such as sub-Saharan
Africa is unknown. Commercial ELISA kits need thus
to be evaluated and cut-offs need to be established for
specific epidemiological regions. The present iELISA
results may therefore overestimate the actual within-
herd seroprevalence. With this word of caution, the re-
sults suggest that there is a high within-herd prevalence
and indicate that cattle in this farm were chronically
infected.
This is the first report on the isolation, identification
and characterization of B. abortus biovar 3 from cattle in
Tanzania. It is important to isolate and characterize
Brucella, as with serological methods it is not possible to
infer which smooth Brucella spp. induced antibodies in
the host [6, 9]. Some serological tests lack sensitivity and
it is impossible to differentiate antibodies produced after
vaccination from those produced after infection [5].
Biotyping profiles of the isolated strains indicated
characteristics typical for B. abortus biovar 3, except
CO2 requirement for growth [21]. However B. abortus
biovar 3 reference strain Tulya, which was isolated
from a human patient in the neighboring country
Uganda, is reported to be CO2 independent [35].
Growth in the absence of CO2 has been observed to
occur within the same biovars [36, 37].
In the present study, two different genotypes were
obtained from the same animal. To the best of the au-
thor’s knowledge, both genotypes have never previously
been described. The genetic polymorphism observed is
incongruent with that observed in Uganda [38] and
Kenya [7]. The genetic polymorphism shown at the
panel two at one locus that is usually polymorphic might
explain the difference between the two genotypes. Both
genotypes are more related to European and Asian geno-
types than to African genotypes. This suggests that the
Tanzanian genotypes were introduced from Europe, pos-
sibly through importation of infected animals, although
the time frame when this occurred remains elusive.
Brucella abortus biovar 3 has also been isolated from
other African countries including Kenya, Gambia and
Fig. 1 Minimum Spanning Tree (MST) analysis of the MLVA-16 profiles of three Brucella abortus biovar three genotypes isolated from cattle in
Tanzania, compared with Brucella abortus biovar three strains isolated worldwide. MLVA profiles were determined for a selection of 28 B. abortus
biovar 3 genotypes including the Tulya reference strain (MLVA profiles derived from publicly available data (http://mlva.u-psud.fr/), four recent
Belgian isolates) and the three Tanzanian isolates. Clustering by minimum spanning tree was performed with Bionumerics. Circles outline the
genetic profiles of strains. Numbers on the connecting lines refer to the number of markers differing between samples. The size of the circles is
proportional to the number of strains (1 or 2) bearing the same genetic profile
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recently Togo [4, 7, 36]. In Zimbabwe and Nigeria, B.
abortus biovar 1 and 2 are common while B. abortus
biovar 3 is rare [3, 37]. Specific biovars of Brucella are
said to predominate certain geographical regions with B.
abortus biovar 3 being commonly encountered in cattle in
Africa [39]. In Egypt, infection of cattle by B. melitensis
[40] and recently also B. abortus, and B. suis [15] have
been reported. Some authors have proposed using
AMOS-ery PCR to divide biovar 3 into two groups: one
group 3a that will contain strain Tulya and field strains
isolated from Africa while group 3b will contain strains
from Europe [13]. This was not performed in the present
study but the MLVA results suggest that the Tanzanian
strains are not related to strain Tulya. Hence classifying B.
abortus biovar 3 strains according to their geographical
origin should be carefully considered.
The absence of culture positive milk samples could
be due to the low number of samples tested, too few
bacteria in the sample, or due to a low volume of milk
inoculated. The excretion of organisms in milk is inter-
mittent [21]. Freezing of milk might also have been a
negative factor since the bacteria are easier to culture
from fresh samples or samples stored at refrigeration
temperature [41]. Consumption of raw milk is practiced
in some communities in Tanzania. Under such condi-
tions brucellosis is a public health issue.
This report further highlights the role of Brucella spp.
as cause of reproductive problems on this farm, as the
bacteria were cultured from the aborted fetus and asso-
ciated membranes. In addition, large and medium scale
dairy farms represents a risk for spread of the bacteria to
other herds as they are sources of replacement heifers to
small-scale dairy herds.
Conclusion
This is the first isolation, identification and
characterization of B. abortus biovar 3 from a cow in a
dairy herd in Tanzania. In the absence of any control
program, the isolation of the pathogen and the high
within-herd prevalence suggest chronic infection in this
herd. Importantly, big herds like this serves as potential
sources of replacement heifers to smallholder farmers,
posing risk of infection transmission to other herds.
Since B. abortus is a zoonotic agent, there is a risk of
transmission to humans hence further studies on human
brucellosis in the region are recommended. Information
Fig. 2 Clustering analysis of 40 B. abortus field strains and Tulya B. abortus biovar 3 reference strain with the two panels of markers (MLVA-16).
Scale (%) shows the MLVA genetic similarity. The geographic origin is given in the column. All strains were isolated from cattle, except one of the
Belgian strain that was isolated from a dog in the farm where B. abortus biovar 3 was isolated from cattle and the Tulya reference strain originally
isolated from a human patient in Uganda in 1958
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on the prevalence and the circulating Brucella strains
in different livestock species and possibly wildlife is im-
portant to understanding transmission patterns and risk
factors. It is also a necessary first step in designing
appropriate control policies and strategies. The results
suggest that the Tanzanian strains are not related to
other B. abortus biovar 3 strains isolated in the neigh-
boring countries, Uganda and Kenya. This highlights
that transmission patterns in the region are virtually
unknown. In order to decipher such transmission pat-
terns in the region, more strains should be isolated and
characterized.
Abbreviations
NMBU: Norwegian University of Life Sciences; PCR: Polymerase chain
reaction; AMOS-ery: Abortus, Melitensis, Ovis, Suis (with ery primers); MLVA-
VNTR: Multiple locus variable number of tandem repeat; MST: Minimum
spanning tree; SLV: Single locus variation; iELISA: indirect Enzyme Linked
Immunosorbent Assay; RBT: Rose bengal test; MRT: Milk ring test;
DNA: Deoxyribonucleic acid; RTD: Routine test diagnostic; MQ: Milli-Q;
SSDA: Selective serum dextrose agar; IS711: Insertion sequence 711;
Tb: Tbilisi; Wb: Weybridge; Iz: Izatnagar; Bp: Base pair.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
CM performed the study, analyzed the data and drafted the manuscript. MS,
GM, RHM, SK and JG conceived and designed the study, critically revised the
paper and acted as the first author’s study supervisors. PM and LE performed
some of the analysis. TBJ, DF and JG analyzed the data and critically revised
the paper. All authors read and approved the final manuscript.
Acknowledgement
The authors are grateful for financial support from the EPINAV project
supported by Norwegian Government funds. We thank all technical staff at
Norwegian Veterinary Institute Serology and Bacteriology Laboratory,
Norwegian Public Health Institute and Veterinary and Agrochemical Research
Institute (CODA-CERVA Belgium) for their support on the laboratory work on
serology, isolation, identification, biotyping and genotyping, respectively.
Author details
1Department of Production Animals Clinical Sciences, Norwegian University
of Life Science, Oslo, Norway. 2National Veterinary Institute, Oslo, Norway.
3Sokoine University of Agriculture, Morogoro, Tanzania. 4Veterinary and
Agrochemical Research Center, Brussels, Belgium. 5Department of Arctic and
Marine Biology, University of Tromsø - the Arctic University of Norway,
Faculty of Biosciences, Fisheries and Economics, Research Group of Arctic
Infection Biology, Langnes, Postbox 60509037 Tromsø, Norway.
Received: 12 November 2014 Accepted: 13 July 2015
References
1. World Organisation for Animal Health (OIE). Chapter 2.4.3. Bovine Brucellosis.
In: Manual of diagnostic test and vaccines for terrestrial animals OIE, Paris.
2009. p. 1–35.
2. Pappas G, Papadimitriou P, Akritidis N, Christou L, Tsianos EV. The new
global map of human brucellosis. Lancet Infect Dis. 2006;6:91–9.
3. Ocholi RA, Kwaga JK, Ajogi I, Bale JO. Phenotypic characterization of Brucella
strains isolated from livestock in Nigeria. Vet Microbiol. 2004;103:47–53.
4. Bankole AA, Saegerman C, Berkvens D, Fretin D, Geerts S, Ieven G, et al.
Phenotypic and genotypic characterisation of Brucella strains isolated from
cattle in the Gambia. Vet Rec. 2010;166:753–6.
5. Godfroid J, Nielsen K, Saegerman C. Diagnosis of brucellosis in livestock and
wildlife. Croat Med J. 2010;51:296–305.
6. Godfroid J, Scholz HC, Barbier T, Nicolas C, Wattiau P, Fretin D, et al.
Brucellosis at the animal/ecosystem/human interface at the beginning of
the 21st century. Prev Vet Med. 2011;102:118–31.
7. Muendo EN, Mbatha PM, Macharia J, Abdoel TH, Janszen PV, Pastoor R,
et al. Infection of cattle in Kenya with Brucella abortus biovar 3 and Brucella
melitensis biovar 1 genotypes. Trop Anim Health Prod. 2012;44:17–20.
8. Schelling E, Diguimbaye C, Daoud S, Nicolet J, Boerlin P, Tanner M, et al.
Brucellosis and Q-fever seroprevalences of nomadic pastoralists and their
livestock in Chad. Prev Vet Med. 2003;61:279–93.
9. Godfroid J, Al DS, Pappas G, Roth F, Matope G, Muma J, et al. A “One
Health” surveillance and control of brucellosis in developing countries:
moving away from improvisation. Comp Immunol Microbiol Infect Dis.
2013;36:241–8.
10. Scholz HC, Hofer E, Vergnaud G, Le FP, Whatmore AM, Al DS, et al. Isolation
of Brucella microti from mandibular lymph nodes of red foxes, Vulpes
vulpes, in lower Austria. Vector Borne Zoonotic Dis. 2009;9:153–6.
11. Foster G, Osterman BS, Godfroid J, Jacques I, Cloeckaert A. Brucella ceti sp.
nov. and Brucella pinnipedialis sp. nov. for Brucella strains with cetaceans
and seals as their preferred hosts. Int J Syst Evol Microbiol. 2007;57:2688–93.
12. Whatmore AM, Davison N, Cloeckaert A, Al DS, Zygmunt MS, Brew SD, et al.
Brucella papionis sp. nov., isolated from baboons (Papio spp.). Int J Syst Evol
Microbiol. 2014;64:4120–8.
13. Ocampo-Sosa AA, Aguero-Balbin J, Garcia-Lobo JM. Development of a new
PCR assay to identify Brucella abortus biovars 5, 6 and 9 and the new
subgroup 3b of biovar 3. Vet Microbiol. 2005;110:41–51.
14. Le Fleche P, Jacques I, Grayon M, Al DS, Bouchon P, Denoeud F, et al.
Evaluation and selection of tandem repeat loci for a Brucella MLVA typing
assay. BMC Microbiol. 2006;6:9.
15. Menshawy AM, Perez-Sancho M, Garcia-Seco T, Hosein HI, Garcia N,
Martinez I, et al. Assessment of genetic diversity of zoonotic Brucella spp.
recovered from livestock in Egypt using multiple locus VNTR analysis.
Biomed Res Int. 2014;2014:353876.
16. McDermott JJ, Arimi SM. Brucellosis in sub-Saharan Africa: epidemiology,
control and impact. Vet Microbiol. 2002;90:111–34.
17. John K, Fitzpatrick J, French N, Kazwala R, Kambarage D, Mfinanga GS, et al.
Quantifying risk factors for human brucellosis in rural northern Tanzania.
PLoS One. 2010;5, e9968.
18. Swai ES, Schoonman L. The use of rose bengal plate test to asses cattle
exposure to Brucella infection in traditional and smallholder dairy
production systems of Tanga region of Tanzania. Vet Med Int. 2010;2010.
doi: 10.4061/2010/837950.
19. Mahlau EA. Further brucellosis surveys in Tanzania. Bull Epizoot Dis Afr.
1967;15:373–8.
20. Makita K, Fevre EM, Waiswa C, Eisler MC, Thrusfield M, Welburn SC. Herd
prevalence of bovine brucellosis and analysis of risk factors in cattle in
urban and peri-urban areas of the Kampala economic zone, Uganda. BMC
Vet Res. 2011;7:60.
21. Alton GG, Jones LM, Angus RD, Verger JM. Techniques for the brucellosis
laboratory. Paris: Institut National de la Recherche Agronomique; 1988. p.
63–129.
22. Probert WS, Schrader KN, Khuong NY, Bystrom SL, Graves MH. Real-time
multiplex PCR assay for detection of Brucella spp., B. abortus, and B. melitensis.
J Clin Microbiol. 2004;42:1290–3.
23. Lopez-Goni I, Garcia-Yoldi D, Marin CM, De Miguel MJ, Munoz PM, Blasco
JM, et al. Evaluation of a multiplex PCR assay (Bruce-ladder) for molecular
typing of all Brucella species, including the vaccine strains. J Clin Microbiol.
2008;46:3484–7.
24. Lopez-Goni I, Garcia-Yoldi D, Marin CM, De Miguel MJ, Barquero-Calvo E,
Guzman-Verri C, et al. New Bruce-ladder multiplex PCR assay for the biovar
typing of Brucella suis and the discrimination of Brucella suis and Brucella
canis. Vet Microbiol. 2011;154:152–5.
25. Mai HM, Irons PC, Kabir J, Thompson PN. Herd-level risk factors for
Campylobacter fetus infection, Brucella seropositivity and within-herd
seroprevalence of brucellosis in cattle in northern Nigeria. Prev Vet Med.
2013;111:256–67.
26. Bernard F, Vincent C, Matthieu L, David R, James D. Tuberculosis and
brucellosis prevalence survey on dairy cattle in Mbarara milk basin
(Uganda). Prev Vet Med. 2004;67:267–81.
27. Ducrotoy MJ, Bertu WJ, Ocholi RA, Gusi AM, Bryssinckx W, Welburn S, et al.
Brucellosis as an emerging threat in developing economies: lessons from
Nigeria. PLoS Negl Trop Dis. 2014;8, e3008.
Mathew et al. BMC Veterinary Research  (2015) 11:156 Page 8 of 9
28. Racloz V, Schelling E, Chitnis N, Roth F, Zinsstag J. Persistence of brucellosis
in pastoral systems. Rev Sci Tech. 2013;32:61–70.
29. Kabagambe EK, Elzer PH, Geaghan JP, Opuda-Asibo J, Scholl DT, Miller JE.
Risk factors for Brucella seropositivity in goat herds in eastern and western
Uganda. Prev Vet Med. 2001;52:91–108.
30. Bekele M, Mohammed H, Tefera M, Tolosa T. Small ruminant brucellosis and
community perception in Jijiga District, Somali Regional State, Eastern
Ethiopia. Trop Anim Health Prod. 2011;43:893–8.
31. Dean AS, Bonfoh B, Kulo AE, Boukaya GA, Amidou M, Hattendorf J, et al.
Epidemiology of brucellosis and q Fever in linked human and animal
populations in northern togo. PLoS One. 2013;8, e71501.
32. Gumaa MM, Osman HM, Omer MM, El Sanousi EM, Godfroid J, Ahmed AM.
Seroprevalence of brucellosis in sheep and isolation of Brucella abortus
biovar 6 in Kassala State, Eastern Sudan. Rev Sci tech Off Int Epiz.
2014;33:957–65.
33. Forbes LB. Brucella abortus infection in 14 farm dogs. J Am Vet Med Assoc.
1990;196:911–6.
34. Greiner M, Verloo D, de Massis F. Meta-analytical equivalence studies on
diagnostic tests for bovine brucellosis allowing assessment of a test against
a group of comparative tests. Prev Vet Med. 2009;92:373–81.
35. Meyer ME, Morgan WJB. Designation of neotype strains and of biotype
reference strains for species of the genus Brucella Meyer and Shaw. Int J
Syst Evol Microbiol. 1973;23:135–41.
36. Dean AS, Schelling E, Bonfoh B, Kulo AE, Boukaya GA, Pilo P. Deletion in the
gene BruAb2_0168 of Brucella abortus strains: diagnostic challenges. Clin
Microbiol Infect. 2014;20:O550–3.
37. Matope G, Bhebhe E, Muma JB, Skjerve E, Djonne B. Characterization of
some Brucella species from Zimbabwe by biochemical profiling and
AMOS-PCR. BMC Res Notes. 2009;2:261.
38. Mugizi DR, Muradrasoli S, Boqvist S, Erume J, Nasinyama GW, Wiswa C, et al.
Isolation and molecular characterization of Brucella isolates in cattle milk in
Uganda. Biomed Res Int. 2015;2015:720413.
39. Sanogo M, Abatih E, Thys E, Fretin D, Berkvens D, Saegerman C. Importance
of identification and typing of Brucellae from West African cattle: a review.
Vet Microbiol. 2013;164:202–11.
40. Samaha H, Al-Rowaily M, Khoudair RM, Ashour HM. Multicenter study of
brucellosis in Egypt. Emerg Infect Dis. 2008;14:1916–8.
41. Jennifer AZ, Maves RC, Nydam DV, Ayvar V, Cepeda D, Castillo R, et al. Effect
of storage temperature and sample volume on Brucella melitensis isolation
from goat milk. Int J Tropical Dis Health. 2012;2:207–13.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Mathew et al. BMC Veterinary Research  (2015) 11:156 Page 9 of 9
